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REMARKS 



The abstract has been amended to better comply with the 
requirement? of MPEP -508.01(b), and the specification has been 
amended to correct some minor grammatical errors cf which the 
undersigned has become aware. 

In addition, the claims have been amended to make minor 
grammar ical improvements and to correct minor antecedent basis 
problems so as to put the claims in better U.S. form. These 
amendments are clearly not related to patentability and do r.ot 
narrow the scope of the claims either literally or under the 
doctr i ne of equiva lent s . 

Submit teo herewith are marked copies of the changed pages of 
the abstract, specification and claims to anew that no new matter 
has been added. 

It is respectfully requested that the amendments to the 
abstract, specification, and claims be approved and entered, and 
that prosecution on the merits proceed in light of thes 
P r e 1 i m i n a r y Ame n dme n t . 
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X'-v - , ■ u - ^- >' ' ELECTROMAGNETIC DRIVE 

This application claimsy benefit of Japanese Application 
No. 2001-294421 , filed in Japan on September 26, 2001, they^'^ 
contents of which are incorporatedyby tbis reference. 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a construction of an 
electromagnetic drive for controlling the amount of light of 
a luminous flux. 

2. Description of the Related Art 

Hitherto, an electromagnetic unit, which is an 
electromagnetic drive, is employed in a light amount 
controlling unit such as a light exposure controlling unit 
for controlling the light exposure of a camera or the like 
as a driving source. For example, a light amount 
controlling unit for a conventional lens barrel shown in a 
cross section in Fig. 19 employs an electromagnetic unit 
shown in a cross section in Fig. 20 as a drive source. 

The conventional lens barrel 110 includes a taking lens 
112 held by a lens frame 111, and an opening 111a is 
provided on the lens frame 111 at the position behind the 
taking lens. Two shutter blades 113, 114 are rotatably 
supported by supporting pins 117b, 117a around the opening 
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111a. The shutter blades 113, 114 are rotated by the 
electromagnetic unit 100 via a drive pin 115a of a shutter 
lever 115 to open and close the opening 111a. 

The electromagnet unit 100 is a plunger type 
electromagnet unit, and comprises a solenoid including a 
yoke 103 and a bobbin 102 supported by the yoke 103 and 
having a coil 101 wound thereon, and a plunger 105 being a 
movable iron core to be inserted into a hollow space potion 
of the bobbin 102, as shown in a cross sectional view of Fig. 
20. The plunger 105 is urged by a coil spring 106 toward 
the direction of projection, and is sucked when the coil 101 
is energized by a power source 107. 

An end of the shutter lever 115 rotatably supported by 
the lens frame 111 abuts against the distal end of the 
plunger 105. When the coil is not energized, the plunger 
105 is projected and the shutter blades 113, 114 are rotated 
to the close position by the shutter lever 115. When the 
coil is energized, the plunger 105 is sucked and thus the 
shutter lever 115 rotates clockwise by a torque of a torsion 
spring 116, and the shutter blades 113 , 114 are rotated into 
the open position. 

The disclosed in Japanese Unexamined Patent 

Application Publication~No . 4-194912 also employs a plunger- 
type electromagnetic drive having the same construction as 
the electromagnet unit 100 applied to the conventional light 
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The present invention is intended to solve the 
disadvantage described above, and aft- obj o ct Lhe pifctbe nt 
inventi o n i e-^o provide an electromagnetic drive/integrated 
in an optical apparatus for controlling the amount light of 
a luminous flux and beiag capable of efficient use of the 
space where it is placed. 

One of the electromagnetic drives of the invention is a 
unit for controlling the amount of light of a luminous flux 
comprising a solenoid in which a winding axis of the coil 
lies in parallel with the direction of the luminous flux, a 
movable iron core to be moved by a magnetic force of the 
solenoid in the direction parallel with the direction of the 
luminous flux, and a blade member to be driven by the 
movable iron core for controlling the amount of light. 

Another one of the electromagnetic drives of the 
invention is a unit for controlling the amount of light of a 
luminous flux comprising a plurality of solenoids in which 
the winding axes of the coils lie in the direction 
perpendicular to the direction of the luminous flux, a 
movable iron core to be moved by a magnetic force of the 
solenoid in the direction perpendicular to the direction of 
a luminous flux, and a blade member to be driven by the 
movable iron core for controlling the amount of light of a 
luminous flux. 

Other characteristics and benefits of the invention 
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shutter blades 4, 5 are rotated about the supporting pins 3c, 
3e via the driving holes 4b , 5b, and are movable from the 
closed position shown in Fig. 2 to the opened position shown 
in Fig. 3. 



an electromagnetic unit 11, a shutter lever 7 as a switching 
means for switching the direction in which a locomotive 
faculty of the plunger (iron core) 17 acts, which will be 
described later, and a shutter opening spring 8. 

The shutter lever 7 comprises a shaft hole 7a, a 
plunger abutment portion 7b, a shutter driving pin 7c, and a 
spring hook 7d. The shaft hole 7a is rotatably fitted on 
the supporting shaft 3b on the shutter body 3, and the 
shutter driving pin 7c is fitted through the pin insertion 
hole 3c of the shutter body 3 and then fitted into the 
driving holes 4b, 5b of the shutter blades. 



plunger type, and comprises, as shown in cross sectional 
view of Fig. 6, two plate-shaped yokes including a mounting 
yoke (first yoke member) 12 and a yoke on the side of the 
projecting end of the plunger (first yoke member) 13 formed 
of magnetic material, a fixed iron core (second yoke member) 
19 formed of magnetic material and held between the yokes 12 
and 13 to be inserted into the axial center of the coil 
(solenoid) 16 that will be described later, a fixed iron 



The shutter blade opening/closing mechanism comprises 
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core 18 formed of magnetic material and seieves as a plunger 
stopper to be fixed on the side of the yoke 12, a bobbin 15' 
to be fitted on the outer periphery of the fixed iron core 
19 and held between the yokes 12 and 13, a bobbin 15 held 
between the yokes 12 and 13 and having a hollow space 15a, 
two coils (solenoids) 14, 16 connected in series with each 
other to be used as two solenoids and wound on the bobbins 
15 and 15' respectively in the opposite directions from each 
other, a plunger 17 formed of magnetic material and serv es 
as an iron core of which the hollow space 15a is movable in 
the axial direction, and a conical spring 20 for urging the 
plunger 17 in the direction of projection. 

The yokes 12, 13 are arced-shaped flat plate members 
placed in parallel with each other, each having a curvature 
radius of RO and a width of HI, and holding the coil 16 
through which the fixed iron core 19 is inserted and a coil 
14 having a hollow space 15a via the bobbins 15, 15' 
therebetween. In this state, the winding axes of the coils 
14 and 16 are held in parallel with each other and 
orthogonal to the plane of the yokes 12 , 13. 

The plunger 17 has a band of projection that rises 
slightly in the radial direction at the end of the shatt 
portion 17a to be insefted into the hollow space 15a of the 
bobbin 15 as shown in an enlarged view in Fig. 8. The band 
of projection has a prescribed width and forms a spherical 
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exciting voltage of the electromagnetic unit 42 applied to 
the coils 45, 47 is in the off state, the plunger 49 is 
released, and the plunger abutment portion 7b of the shutter 
lever 7 is pressed by a urging force of the conical spring 
52 • Since the urging force of the conical spring 52 is 
larger than the urging force of the shutter spring 8, the 
shutter lever 7 rotates counterclockwise, and the shutter 
blades 4, 5 rotate to the closed position shown in Fig. 11. 

When the control signals for driving the solenoid ^ C 
supplied from the CPU in association with the start of light 
exposure, an exciting voltage is applied to the coils 45, 47 
of the electromagnetic unit 42, and power distribution is 
started. The plunger 49 is sucked to the sucked position. 
In accordance with sucking operation of the plunger 49, the 
shutter lever 41 rotates clockwise from the state shown in 
Fig. 11 by an urging force of the shutter spring 8. The 
rotation of the shutter lever rotates the shutter blades 4, 
5 to the opened position via the shutter blade driving pin 
41c, and then light exposure starts. 

After the lapse of light exposure time, power 
distribution to the coils 45, 47 of the electromagnetic unit 
42 is stopped by the control signals for releasing the 
solenoid supplied from the CPU, and the plunger 49 is 
projected. The shutter lever 7 is pressed by the extremity 
49c of the plunger 49 and rotates counterclockwise. The 
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opening and closing the shutter blades may be obtained. 

On the other hand, attachment of the electromagnetic 
unit 4 2B to the shutter body 3 may be performed in the same 
manner as in the case of the electromagnetic unit 42. In 
this state, the plunger 49, the coil 45B, the coil 47B are 
arranged in a state in which the direction of the axis and 
their winding axes lie along the circumference of the 
optical axis 0. 

In this arrangement, the electromagnetic unit 42B is 
accommodated between the outer periphery of the taking lens 
2B and the inner periphery of the lens frame IB as shown in 
a cross sectional view in Fig. 18, and the outline of the 
taking lens 2B is shouldered in order to decrease the outer 
diameter D3 of the lens frame IB. In other words, the 
electromagnetic unit 42B can be positioned closer to the 
optical axis 0 of the taking lens 2B to the extent 
corresponding to the decreased diameter of the coil 4 5B. 
Concurrently, the outer diameter of the taking lens 2B at 
the position where the coil 47B is located is decreased to 
the extent corresponding to the increased diameter of the 

r n y I j_ 

coil 47B. As a conseq uen t , the outer diameter D3 of the 
lens frame IB can be decreased to the extent corresponding 
to the distance that the electromagnetic unit 42B is moved 
toward the optical axis 0 in comparison with the outer 
diameter D2 of the lens frame 1 shown in Fig. 11. 



WHAT IS CLAIMED IS: 



1. An electromagnetic drive for controlling the amount 
of light of a luminous flux^ comprising: 



a solenoid in which the winding axis of thd/coil /is ' 
disposed in parallel with jth^direction of the luminous 

flux; 

a movable plunger ^move^in parallel with the direction 
of the luminous flux by a magnetic force of the solenoid; 
and 

a blade member driven by the movable plunger for 
controlling the amount of lightjjT °^ ^ { ^^^ 

2. An electromagnetic drive for controlling the amount 
of light of a luminous flux according to Claim 1, wherein a 
plurality of solenoids are provided, and the plurality of 
solenoids are magnetically connected via a yoke member. 

3. An electromagnetic drive for controlling the amount 
of light of a luminous flux according to Claim 1, wherein 
the movable plunger includes a band of pro jection^around 
th e r e of in -fefte vicinity of the oxtremity of the movable 

- v^- L f rfi , * 

plunger Seated in - the sol eoeid^ and/the movable plunger is 

1 £ * 

moved in the solenoid using the^ pro jection . 
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4. An electromagnetic drive for controlling the amount 
of light of a luminous flux according to Claim 1, further 
comprising: 

a bearing portion for supporting the movable plunger 
Re a-r f hp - extremity thereof exposed out of the solenoid. 



5. An electromagnetic drive for controlling the amount 
of light of a luminous flux according to Claim 2, wherein 
the plurality of solenoids have different central inner 
diameters from each other. 



6. An electromagnetic drive for controlling the amount 
of light of a luminous flux according to Claim 2, wherein 
the plurality of solenoids have different outer diameters 
from each other. 



7. An electromagnetic drive for controlling the amount 
of light of a luminous flux according to Claim 6, whe^ift 
provided i s a bearing portion which supports the movable 

off" 0\ <"\ f*i^J f> o ' »A 

plunger near - the ^xt^egv4£-y thereof exposed out of the 

solenoid,/ a band of pro jection ^ formed on peripheral 

surface nanr thm extremity of the movable plunger to be 

v-^kf re- 
fitted into the bearing portion, ««d- the movable plunger is 

slidably «tcrve4- in the bearing portion using the projection. 
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8. An electromagnetic drive for controlling -the amount 

of light of a luminous fluxy comprising: k*. w*,^ ^^l^JrJi 

a solenoid (in which the winding axis of th^ycoil^is 
disposed in parallel with teke direction of the luminous 

flUX? fUf r» ^ife^ - 

a movable plunger «eved in/parallel vrbh/the direction 
of the luminous flux by a magnetic force of the solenoid; 

a switching member for switching -the direction in which 
a locomotive faculty of the movable plunger acts from the 
direction M parallel wit-h the direction of ^luminous flux 
into th e direction perpendicular to the direction of the 
luminous flux; and 

a blade member driven by the locomotive faculty 
obtained by the switching member. 



9. An electromagnetic drive for controlling the amount 
of light of a luminous flux according to Claim 8, wherein 
the switching member pivots about the/axis in parallel with 
the /luminous flux. 



10. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 8, 
wherein a plurality of ^solenoids are provided, and the 
plurality of solenoids are magnetically connected by a yoke 
member . 
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11. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 8, 
wherein the plurality of solenoids have different central 
inner diameters from each other. 

12. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 8, 
wherein the plurality of solenoids have different outer 
diameters from each other. 

13. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 8, 



wherein the movable plunger includes a band of projection 
around t h e r e of in /vicinity of tho extremity of the 



movable plunger located in the ool o n oid, and/the movable 
plunger is mov ed in the solenoid using the^/pro jection. 

14. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 10, 
further comprising: 



a bearing portion for supporting the movable iron core 
at tire-e xtr e mity thereof exposed out of the solenoid. 





15. An electromagnetic drive for controlling the 
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amount of light of a luminous flux according to Claim 14, 

7 

wherein the movable plunger includes a band of pro jection/ on 

C\ \* * v.c^-ly <^f +U. e^J. pirn's fL, r^o**LL r \^^e *~ 

^he peripheral surface at tho eictromity thoroof ^to be fitted 

into the bearing portion, and /the movable plunger is moved 

in the bearing portion using theypro jection. 

16. An electromagnetic drive for controlling fche- 
amount of light of a luminous f lux^comprising : 

a plurality of solenoids (in which the winding axes of 
thejycoils^ lio on a piano perpendicular to t-he* direction of 
the luminous flux; , . 

a movable plunger meved along one of the winding axes 
by a magnetic force of the solenoid; and 

a blade member driven by the movable plunger for 
controlling the amount of light of j£ luminous flux. 



17. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 16, 
wherein the plurality of solenoids have different central 
inner diameters from each other. 



18. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 16 , 
wherein the plurality of solenoids have different outer 
diameters from each other. 



19. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 16, 
wherein the plurality of solenoids are disposed along the 
direction of the luminous flux in such a manner that 
plurality of winding axes of the coils are respectively 
lying on planes perpendicularly to the direction of the 
luminous f lux^ arc arranged in parallel with each other. 

20. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 16, 



wherein the movable plunger includes a band of projection/ 



movable plunger located in the oolenoid , and^the movable 
plunger is moved in the solenoid using the band of 
projection. 

21. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 19, 
further comprising: 

a bearing portion for supporting the movable plunger at 
the e xtremity thereof exposed out of the solenoid. 

22. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 21, 




wherein the movable plunger includes a band of pro jection^on 

C\ i ^ 5* vy. c .J-y tf"f /ie e^vl f>0r+-x>~ ^v^c'p r \^^o r 

tke- peripheral surface ne a r th e e xtr e mity thoroof to be 

fitted into the bearing portion, and^the movable plunger is 

moved in the bearing portion using the^/pro jection. 

23. An electromagnetic drive for controlling febe 
amount of light of a luminous flux comprising: 

a plurality of solenoids having respective center axes 
corresponding to^different lines respectivol^; 

a movable plunger flteved along one of the/axes of the 
plurality of solenoids by a magnetic force of the plurality 
of solenoids; and 

a yoke member for forming magnetic fluxes generated 
from the plurality of solenoids into a loop. 



24. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 23, 
wherein the plurality of solenoids have different central 
inner diameter from each other. 



25. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 23, 
wherein the plurality of solenoids have different outer 
diameters from each other. 



- 46 - 

26. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 23, 
wherein the plurality of solenoids are disposed in parallel 
with each other. 

27. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 23, 
wherein the movable plunger includes a pro jection/around 
therc rrf in t-fce^vicinity of the oxtromity of the movable 
plunger locate d in the sulen o rbd , and/the movable plunger is 
moved in the solenoid using the projection. 



28. An electromagnetic drive for controlling the 
amount of light of a luminous flux according to Claim 26, 
further comprising: 

a bearing portion for supporting the movable plunger at 
the extremity the reof exposed out of the solenoid. 

29. An electromagnetic drive for controlling the 

amount of light of a luminous flux according to Claim 28, j 
wherein the movable plunger includes a band of pro jection/ on 
the- peripheral surface^a^t th o o xtromity thereof to" be fitted 
into the bearing porticfn, and^ the movable plunger is -moved^ 
in the bearing portion^, ^ & k»J ft f> reject 
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ABSTRACT Q F THE DIGCLOGURE ^ 

/ / ± U preside 

I4^a lens barrel in which the light exposure 

controlling unit for controlling amount of light is 

integrated r-^m electromagnetic unit is employed as a drive 

source for driving shutter blades, and t4*e direction of 

the movement of fehe/plunger in the electromagnetic unit is 
£\ 

switched by the - shutter lever, and the shutter blades are 

A of 
opened and closed. Ttre coil and the plunger conntruot -rntg 

the electromagnetic unit are disposed in parallel with fcfre 

optical axis e~, — and their arrangement contributes - to reduce 

the space required for the electromagnetic unit, whereby 

enaWriftg^downsizing of the light exposure controlling unit 

and the lens barrey^ '3 cxc^lc^rJ 



